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Operationalizing Career Complexity

There are a growing number of studies describing developments in the labour market,
in employer-employee relationships, and in individual careers in a very similar way.
The discussion about work force flexibility and the challenges for HRM to handle
scattered arrangements is often justified by a growing complexity caused by the driv-
ing forces of globalization, virtualization, demographic developments or changes in
values. However, so far there is no empirical evidence for that complexity hypothesis
in individual careers. The primary aim of this article is to approach the complexity hy-
pothesis of career research on the basis of a sound definition for complexity and to
test the complexity hypothesis for data from the Vienna Career Panel Project.

Key words: complexity, career research, dynamic systems theories

*  Guido Strunk, Dipl.-Psych. Dr. Dr., Research Institute for Health Care Management and
Health Care Economics, WU Vienna University of Economics and Business, Althanstr.
51, A — 1090 Vienna, Austria. E-mail: guido.strunk@wu.ac.at.

* Article received: August 26, 2008
Revised version accepted after double blind review: September 16, 2009.

management revue, 20(3): 294-311 DOI 10.1688/1861-9908_mtev_2009_03_Strunk
ISSN (print) 0935-9915, ISSN (internet) 1861-9908 © Rainer Hampp Verlag, www.Hampp-Verlag.de



management revue, volume 20, issue 3, 2009 DOI 10.1688/1861-9908_mrev_2009_03_Strunk

1. Introduction

Strategic management inevitably involves forethought and planning (Mintzberg
1994/2000), which is an easy task in an ordered and predictable environment, but be-
comes increasingly difficult in an unstable, turbulent and complex world. Since the
early 1990s, this dilemma has been a controversial theme in strategic management
(Mintzberg-Ansoff-controversy, e.g. Mintzberg 1990; Ansoff 1991). “Indeed some-
times organizations also need to function during periods of unpredictability, when
they cannot possibly hope to articulate any viable strategy. The danger during such pe-
riods is not the lack of explicit strategy but exactly the opposite — ‘premature closure™

(Mintzberg 1990: 184).

There is a similar line of argumentation in the context of the so-called “make-or-
buy” decision in human resource management (HRM). The “make-or-buy” decision is
one of the core questions in human resource management (Miles/Snow 1984): Is it
better to develop human capital internally or to purchase it on the external labour
market? “Although the make-or-buy distinction is admittedly simplistic, the growing
number of subtle variations on this theme makes the effective management of em-
ployment at once more complicated and more directly related to organizational effec-
tiveness” (Lepak/Snell 1999: 31). It is therefore essential for strategic HRM to distin-
guish between different types of employees and to build an appropriate make-or-buy
strategy for each of them. An influential model, developed by Lepak and Snell (1999),
is based on transaction cost economics (Coase 1937; Williamson 1975), human capital
theory (Becker 1964), and the resource-based view of the firm (Prahalad/Hamel 1990;
Barney 1991). Key variables of their so-called “HR architecture” are the uniqueness of
human capital and its value for the organization, which leads to the following assump-
tion: unique human capital with a high value for the organization has to be developed
internally, while human capital of low value and little uniqueness can be easily pur-
chased from the external labour market. However, decisions have to be made on the
value and uniqueness of the human capital in question. Moreover, a future develop-
ment of these two variables and all other determinants possibly effecting them (e.g.
future technological and market developments, trends in labour market and in educa-
tional systems) has to be taken into account. Although the strategic HRM architecture,
as developed by Lepak and Snell (1999), is theoretically sound and of practical impoz-
tance, it is unable to handle those uncertainties.

There is therefore a growing literature discussing the unpredictability of labour
markets, working arrangements, and individual careers. Case studies (Koene/Van
Riemsdijk 2005) and data from international surveys (Brewster et al. 2004) on flexible
working arrangements are interpreted in the light of a growing “turbulence” (Polley
1997; Gooderham et al. 2004: 15), a rising “complexity” (Lissack 1999: 110; Bird et al.
2002), more “discontinuity” of developments (Weick/Betlinger 1989), organisational
“instability” (Adamson et al. 1998: 255), and the increasing “unpredictability” of mar-
kets (Keen 1997: 172), technology (Technology Futures Analysis Methods Working
Group 2004), society (Gergen 1993), and employment (Bird et al. 2002: 3;
Lichtenstein et al. 2002: 32). With respect to Ofori-Dankwa and Julian (2001: 415; see
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also Rosser 1999) 1 will subsume these causes and criteria of “uncertainty”, “turbu-
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lence” and so on under the term “complexity” (a more precise definition is given later
on).

It is the basic idea of this article that the assumed growing complexity plays a key
role for strategic HRM. First of all, the growing complexity is a central argument for
more work force flexibility. Additionally, a more scattered and diverse work force is in
turn a driving force for more complexity: it leads to an increasing unpredictability of
individual careers and the irregular development of human capital, which is scattered
by such chaotic career trajectoties.

Since the late 1990s the discussion about work force flexibility has become one of
the most central topics in HRM (Kalleberg 2001, 2003). Additionally, organizational
research on flexibility (Volberda 1998) stresses the critical role of HRM in enabling
organizations to react promptly to new developments (Kalleberg 2003). Also from an
economic point of view flexible working practices are considered to be helpful in re-
ducing unemployment rates and in enlarging the permeability of labour market seg-
ments (Brewster et al. 1997). Empirically numerous indicators are signalling an in-
creased variety in employer-employee relationships (Eurostat 1998; OECD 2008).
Classical fixed-term contracts are more and more complemented, if not replaced by
flexible working arrangements like part-time, agency and on-call work, temporary and
daily employment, telework, flexi-time, etc. (Ogura 2005, for a comparative view over
Europe: Brewster et al. 2004).

These developments did not leave careers untouched. Several influential writers
have proclaimed a transition leading to new and complex forms of careers (e.g.
Arthur/Rousseau 1996; Hall 1996a; Peipetl/Baruch 1997; Mayrhofer et al. 2000). Al-
though differing in a number of claims, analyses, and expectations, they have at least
two things in common:

First, professional careers are interpreted as being more complex than ever and
this development is expected to increase in the future. The “traditional” model of a
single line career starting with training in one’s early career stages leading to a quite
stable career path in the same profession — sometimes even in the same organizations
for the rest of one’s working life — is discussed as currently being replaced (e.g.
Reitman/Schneer 2003). Second, the significance of organizations as the central arena

for professional careers is hypothesized to decrease (Strunk et al. 2002; Mayrhofer et
al. 2005b).

To sum up, there seems to be a circular causality between HRM practices and in-
dividual careers. On the one hand, the call for flexibility is leading to a higher variety
of working arrangements, which may amplify career complexity. On the other hand,
the so-called “new careers” are increasingly located outside of organizations, and
therefore are no longer directed by the strategic planning of a HRM department.
Thus, irrespective of their own use of flexible working practices, HRM has to deal
with individual careers which may be more complex than traditional careers.

However, most articles remain theoretical about the consequences of an in-
creased turbulence in individual careers (e.g. Adamson et al. 1998) and only a few em-
pirical studies exist (e.g. Reitman/Schneer 2003). In addition, most of these studies are
based on single case studies and anecdotal narrations (e.g. Arthur/Rousseau 1996)
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rather than on quantitative data. Therefore, the hypothesis of an increasing career
complexity is empirically still open, but of great importance for strategic HRM. Be-
sides a sound and comprehensive definition for the term “complexity”, which seems
to be a key concept (not only in career research), is missing so far. Such a definition
would be helpful in certain ways:

Complexity as a new research lens. Proportions of part-time or other working ar-
rangements are widely used key figures at the meso-level of the organization (e.g.
Brewster et al. 2004). On a macro-level they are used for labour force research (e.g.
Eurostat 1998; OECD 2008). A complexity measure for the individual career trajec-
tory would add quantitative data for the characterization of the micro-level of individ-
ual career paths. Therefore, a complexity measure is also a characterization of a dy-
namic process (Ancona et al. 2001) in contrast to a cross-sectional analysis.

Complexity as an interdisciplinary construct. According to Mintzberg
(1994/2000: 17) strategic management inevitably involves some thinking and planning
ahead of time. This is a special problem in strategic HRM, which is not only influ-
enced by the business environment but also by human change processes of individual
employees. “As the business environment becomes steadily more turbulent, it is in-
creasingly problematic for firms to create clear, coherent strategic plans” (Gooderham
et al. 2004: 15). Thus measurements of “turbulence” — which is a good example for
complexity in physics (Ruelle/Takens 1971) — may be of some use for monitoring not
only individual careers but also the business environment (e.g. on stock market com-
plexity: Scheinkman/LeBaron 1989) and the organization itself (e.g. Thiétart/Forgues
1995; Polley 1997; Dooley/Van de Ven 1999).

This issue of defining complexity is addressed here from the viewpoint of dy-
namic systems theorties (e.g. Haken/Schiepek 2006; Strunk/Schiepek 2006). Dynamic
systems theories — commonly known also as chaos theory — contain a set of theories
assessing the dynamic patterns generated by complex systems. Complexity, turbu-
lence, and unpredictability are key concepts of dynamic systems theories, so it is
hardly surprising that they provide theoretical concepts as well as empirical methods
to investigate the complexity of dynamic processes (e.g. Tsonis 1992; Schreiber 1999).
The aim of the present work is to assess the suitability of both, the theoretical concep-
tualizations of complexity as well as the corresponding empirical methods, for analys-
ing changes and the changed situation in individual careers between 1970 and 1990.

The paper is structured as follows: In the first section I discuss three types of dy-
namic processes, resulting in a definition of complexity. Based on empirical data, the
hypothesis of a growing career complexity is tested. Finally, the findings are discussed
in the light of strategic HRM.

2. What is complexity?

Loosely speaking, complexity can be seen as a principal lack of information about fu-
ture developments. If one is unable to predict the future trajectory of a system in
principal, the system is called a complex system. However, if unpredictability is only
based on a lack of information of the current state of the system or its history, pre-
dictability is only a question of knowledge. Therefore the term complexity does not
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seem to be appropriate in such a case. Theories on dynamical systems show that cha-
otic systems are not predictable in the long run, even if the knowledge of the current
state of the system and its history is known with an arbitrary precision. It is sometimes
said that such chaotic systems are mimicking randomness (e.g. Stewart 2002: 12). But,
they are more ordered than a purely random process (e.g. an der Heiden 1996). In the
following, I will elaborate this argument in more detail.

2.1 Three Types of Dynamic Patterns

The term “complexity” is very popular in literature; hence, it is not surprising that
there is not a single applicable definition (Rosser 1999). Under the disillusioning title
,From Complexity to Perplexity”, Horgan (1995) for instance cites the attempt of
Seth Lloyd from the MIT to clearly define complexity: he ended up with a list of 45
different definitions. Most of the quoted definitions are based on physics, mathemat-
ics, and information theory (Shannon 1948) and assess whether a systems behaviour is
calculable or not (Kolmogorov 1965; Zvonkin/Levin 1970; Chaitin 1974). In sum-
mary, complexity can be seen as a phenomenon in the tension field between simple
order and blind randomness (Figure 1).

Figure 1: Complexity in the tension field between order and randomness
Complexity
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complexity
as random processes

lacking order, no

complexity
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Traditionally, order and randomness are the only behavioural patterns known by clas-
sical physics and the sciences (e.g. classical Newtonian mechanics). A system is seen as
strictly bound to the rules of causality and is thereby totally determined by its physical
laws (Gunaratne 2004). By knowing the mechanisms, the behaviour of a system can
be predicted with atbitrary precision (de Laplace 1996/1814). “Complicated systems”
involving a larger number of laws are harder to analyse; yet, they are nevertheless as-
sumed to be completely predictable, and consequently not complex. Below, I will call
those principally-ordered processes “dynamics of type O” (O stands for order).

On the other hand, randomness is considered as the absence of laws. While on a
theoretical level a complete absence of laws is unthinkable, in practice the throwing of
dice is unpredictable from the knowledge of the previous outcome. Successive results
from dice are uncorrelated; hence, there is no law to predict one from the other. In
that sense, playing dice is a random process. In the following, I will call that random-
ness a “dynamic of type R” (R stands for randomness).

Complexity is therefore best seen as something in-between the two classical types
of processes. It is located in the tension field between order and randomness, but is
not identical with one or the other. Consequently, it is a quality of its own, showing
both order and unpredictability simultaneously. Thus, complexity seems to be a para-
dox of contradicting principles. This can be considered as a major reason why it has
taken considerable time to understand this phenomenon. No theory on complexity is
much older than 50 years (e.g. Prigogine 1955; Lorenz 1963; Haken 1970), and most
empirical methods are even younger (e.g. Grassberger/Procaccia 1983b, 1983a).

Common thinking is strongly influenced by classical Newtonian principals, and
therefore it seems to be impossible to think of ordered but unpredictable systems.
One of the most surprising findings of chaos theory (Poincaré 1908; Lorenz 1963) is
the fact that a chaotic system can not be predicted in detail — even if the mathematical
equation characterizing the system is known. But as mathematical equations are in-
volved, there must also be some sort of order in that random-looking behaviour (c.f.
e.g. Schuster 1989). Based on methods from chaos theory, this order can be identified
and its complexity can be quantified (Grassberger/Procaccia 1983b, 1983a; Wolf et al.
1985; Schreiber 1999). Thus, chaos research shows that a chaotic system is a determi-
nistic and ordered system which mimics randomness (Stewart 2002: 12). In the follow-
ing I will call that complex behaviour a “dynamic of type C” (C stands for complex-

ity).
2.2 Dynamic concepts in career research

Since chaos theory is not well known in HRM and career research, concepts to deal
with the dynamics of careers are either based on models of type O (simple order) or
more recently on type R processes (random). Most of the classical models of occupa-
tional developments merely discuss type O dynamics. Super’s (1957) career stages,
Miller and Form’s (1951) phase model, as well as other works on career stages (e.g.
Hall/Nougaim 1968; Veiga 1971, 1983; Cron 1984; Cron/Slocum 1986; Atryee et al.
1994) belong to type O dynamics. The same holds for most of Super’s (1957) career
pattern. However, he also mentions a so-called instable career, which is most likely
based on a random type dynamics. Similarly, Driver (1982) has introduced two
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nonlinear career patterns. The so-called spiral career is defined by recurring cycles, in
which someone follows a career for a limited time, makes an important change, and
starts her or his career again in an other field, also for a limited time, before she or he
begins somewhere else again (Brousseau et al. 1996). Although this career is not a lin-
ear one, the spiral pattern is ordered like a type O dynamic. The second nonlinear ca-
reer pattern introduced by Driver (1982) is called a transitory career. It is defined by
numerous career transitions without a logical connection to an overall career theme.
This career can therefore be interpreted as a random type. Although Driver’s ideas are
interesting for the understanding of new careers, only few empirical studies are based
on his concepts (Sullivan et al. 1998: 167, cf. Venne 2001).

Super (1990), influenced by the growing interest in nonlinear careers, revises his
classical system of career stages. Much more than Driver (1982) he stresses the cyclic
nature of new careers. The formerly close connection between career stage and age is
eliminated; a frequent recycling through stages is seen as a normal pattern, and a re-
gression to former stages while facing new challenges is no longer interpreted as a
weakness but as a helpful way to deal with problems. Coming from another theoreti-
cal viewpoint, Mayrhofer et al. (2000: 20) also discuss new forms of career as a set of
“many short learning cycles over the whole span of a person’s life“. Although both
concepts accept external random shocks as triggers for the start of a new cycle, the
basic model is still based on an ordered dynamic pattern of type O.

There are also examples for career theories which seem to be of type R. Accord-
ing to the definition given above, a dynamic is called random if there is no mechanism
which allows the prediction of a future change of the system on the basis of its previ-
ous trajectory. Most concepts about “new careers” are no longer interested in such
mechanisms and patterns in career pathways. On the contrary, the lack of predefined
career lines is interpreted as a chance for achieving more freedom. This does not deny
the fact that in retrospect people are able to make sense also of a new career. Exam-
ples are the so-called “boundaryless” career (Arthur 1994), the protean career (Hall
1976; Hall 1996b; Hall 2003), and the chronic flexible career (Mayrhofer et al. 2000).

Concepts on new careers share a focus on the role of the individual, which is seen
as active creator of his or her own career. In a world of boundatryless careers, the indi-
vidual has to decide the path he ot she wants to follow (Hall/Mirvis 1996). Howevet,
if human behaviour and decision-making is not random (and there is strong evidence
that it cannot be considered as such), a personally-created career should be more
complex than a career in one single organization, yet, it should not be random. So it
seems that career patterns are also appealing issues for boundaryless, protean, or
chronic flexible careers.

Interestingly, no theory has been developed for type C careers. This lack of con-
cepts is surprising for three reasons: First, it seems to be clear that careers of type O
are no longer the dominant career patterns in Western industrial nations (Drodge
2002: 51). Second, purely random processes are not plausible and not very likely, even
if careers are boundaryless. Third, complexity can be understood as organized in an
erratic and chaotic but nevertheless ordered way. Thus, a dynamic of type C is under-
standable as a consequence of a self-organizing process of a dynamic career system,
which is also influenced by HRM practices and vice versa.
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2.3 Measuring complexity

As seen above, complexity is not easy to define and therefore not easy to measure.
Most complexity measures are searching for patterns in time series data from a sys-
tem. Loosely speaking, the algorithms follow the line of events in the time series and
observe recurring sequences. Therefore, complexity measures are based on a dynami-
cal viewpoint, taking into account time as a new research lens (Ancona et al. 2001).

It is helpful to discuss that aspect in more detail by using some examples. The
numbers of part-time or temporary workers, for instance, are widely-used statistics
that show an increasing number of such flexible working practices. This may be a sign
of more complexity. But, according to the given definition this would only be the case
if there were a lack of predictability in it. But that cannot be seen from the statistics
alone. On the contrary, one may think of work force flexibility as a strategic tool,
which is used to reduce uncertainty (e.g. Lepak/Snell 1999). From the perspective of
each individual career, a growing number of job-transitions (DeFillippi/Arthur 1994)
is not necessarily an indicator for complexity. There are several professions in which a
comparatively high number of job transitions are the norm, and are therefore a pre-
dictable part of the career. It is, however, possible to investigate the unpredictability of
a career transition by using additional subjective data about the desirability of such a
transition (Higgins 2001).

Complexity measures from dynamic systems theories are able to quantify the un-
predictability of a career trajectory without referring to additional subjective data. Such
methods have existed since the early 1980s. The most important measure is the corre-
lation dimension (Grassberger/Procaccia 1983b, 1983a). It is based on Mandelbrot’s
(e.g. 1987) work on fractals and on Ruelle and Takens’ (1971) hypothesis that chaos
can be identified by its fractal structure. The main idea of the fractal dimension is
comparable to the outcome of the well-known factor analysis. A factor analysis tries
to identify how many dimensions are sufficient in order to describe the structure of a
data set. If the dimensional structure of a huge data set is limited to a handful of fac-
tors, this data set can be interpreted as being less complicated than a data set having a
solution with more dimensions. Additional information is given by the explanation of
variance, which can be interpreted as the amount of randomness present in the data.
The results from the correlation dimension are very similar to those of factor analysis.
However, the correlation dimension is able to characterize not only a complicated data
set but also complex dynamics. A surprising result from fractal geometrics shows that
for a complex dynamic system exhibiting chaos, the number of dimensions is not a
natural but a floating-point number (Ruelle/Takens 1971). Additionally, a non-natural
number of dimensions indicates (in most cases) chaos, whereas a natural number indi-
cates a simple type O process. Thus, the number of dimensions is a quantification of
the complexity of a dynamic system (Fell et al. 2000: 480).

Despite its great popularity, the correlation dimension has some limitations. One
problem is the lack of a test statistic for the accuracy of the dimensional solution.
Thus, the correlation dimension is not a test for complexity in a statistical sense. A
sound statistical test is normally based on the rejection of a plausible null-hypothesis.
Such a null-hypothesis is, in the case of complexity, given either by a test for a type O
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dynamics or by a test for randomness (type R dynamics). The rejection of a type O
dynamics is often based on the inspection of the data plot with naked eye. A test for
randomness requires more effort. For this reasons the correlation dimension, in eco-
nomic research (e.g. Scheinkman/LeBaron 1989), is often combined with the BDS
test (Brock et al. 1987; Brock et al. 19906) in order to test for randomness as a null-
hypothesis.

The BDS test is not limited to identify a certain type of correlation in a given data
set (e.g. a linear correlation) but searches for recurring patterns within the data. Al-
though recurring patterns are normally an indication for non-random processes, they
can also occur at random with a certain probability. As the probability for randomly
recurring sequences is mathematically known, it can be tested against the given data
set. In order to identify a dynamic of type C, the null hypothesis of randomness has to
be rejected by the BDS test.

3. Testing the complexity hypothesis

The discussion so far can be summed up as follows: there are a growing number of
studies describing developments in the labour market, in employer-employee relation-
ships, and in individual careers in a very similar way. The discussion about work force
flexibility and the challenges for HRM to handle such scattered arrangements is often
justified by a growing complexity caused by driving forces like globalization, virtualiza-
tion, demographic developments, or changes in values. However, until now there has
been no empirical evidence for this complexity hypothesis in career research that is
based on a sound definition of complexity. This argumentation can be summed up in
a first hypothesis:

Hypothesis 1:  Comparing careers that started in the 1970s with careers that have
started in the 1990s, the later careers are more complex than the eat-
lier careers.

In addition, as stated above, many scholars argue that for a number of decades, simple

type O careers are no longer the dominant pattern in Western industrial nations. This

leads to the following hypothesis:

Hypothesis 2:  For both the 1970s and the 1990s cohorts, the observed career pat-
terns mitror a complex process motre so than an ordered or a random
process.

As stated in the Hypothesis 2, a complex career is not a random process. With regard

to the BDS test, this can be formulated more precisely:

Hypothesis 3:  Careers from neither the eatlier nor the later cohort are random
processes.

In order to test the first two hypotheses, I employ the correlation dimension to quan-
tify complexity and the BDS test to test against randomness.

3.1 Methods

Started in 2000 and supported by the Austrian Science Fund (FWF), the Vienna Ca-
reer Panel Project (ViCaPP) attempts to explore the professional careers of business
graduates in Austria (e.g. Mayrhofer et al. 2002; Mayrhofer et al. 2005a). In addition to
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a sample of 650 graduates who successfully completed their studies at the Vienna
University of Economics and Business Administration (WU Wien) between 2000 and
2002, data were also collected from persons having graduated several years prior.

In summer 2002, two cohorts of former graduates of the WU Wien were asked to
participate in a survey that consisted of a mail questionnaire as well as a highly stan-
dardized professional development questionnaire that was filled out during a face-to-
face interview. The two cohorts consisted of graduates that finished their studies
around 1970 and around 1990, respectively. Up until now, 361 former WU graduates
have participated in this study, of which 111 belong to the 1970s cohort and 250 to
the 1990s cohort.

Based on a curriculum-vitae-like list of professional activities for each person,
their professional development was charted for each year since their graduation along
several variables, such as income, career satisfaction, attributed career success. Among
many other variables that were collected, the survey resulted in a total of twelve time
series per person, with a sampling frequency of one year (table 1).

Table 1: Measurements

1970 1990 1970
first 12 years late careera
Mean SD Nb Mean SD N Mean SD N
l. Objective Career 5.89 1.79 103 6.15 1.72 192 7.66 1.88 101
ltems:
1. Number of subordinates.

2 Proportion of managerial/leadership tasks (as opposed to "hands-on" tasks).
3. Total annual income.
4 Proportion of "life energy" invested into job.

Mean SD N Mean SD N Mean SD N

1. Subjective Career 8.29 1.63 103 8.29 1.51 192 8.14 1.69 101

ltems:
5. Career satisfaction.

6. Attributed career success.
7. Security and calculability of career-related prospects.
8. Closeness and intensity of professional relations.
9. How easily another adequate job could be found should the need arise.
Mean SD N Mean SD N Mean SD N
ll.  Career Stability 7.31 1.83 103 6.99 1.94 192 6.62 2.09 101
ltems:

10.  Stability of professional relations.
11. Stability of work content.
12.  Subjection of career-related prospects to specific external actors and/or constraints.

a Data for “late career” was collected for the same 12 calendar years as for the 1990s cohort.
b N is the number of subjects with complete datasets in the 12 year time span.
SD: Standard deviation; N: Number of subjects.
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All measurements except income and number of subordinates were collected via 11-
point rating scales. In order to adjust all items on a similar scale, values for income
and number of subordinates were recoded into 11 distinct categories by using percen-
tile rank scales. Based on a factor analysis, the 12 measurements were arranged into
three factors, which can be interpreted as subjective and objective career and as career
stability. The analysis is based on these three factors (mean sum scores) and on the
first 12 years of professional career after graduation. The data used here were collected
retrospectively. It seems plausible that this task was more difficult for a person with
more than 30 years of professional experience than for someone who started his or
her professional career around 12 years ago. Therefore, differences in complexity may
partly be a consequence of the "mellowing" effect of time on cateer recollections. To
control this memory effect, additional data from the 1970s cohort, which was col-
lected for the same calendar years as for the 1990s cohort, was also analyzed. Those
data sets from the same calendar years may be influenced by the same memory effects.

All methods from chaos research theoretically require an infinitely long time se-
ries to reliably determine the complexity of a given process. A set of 1,000 sampling
points is generally regarded as a small data set, but is sufficient for the calculation of
the correlation dimension (Strunk/Schiepek 2006: 211). But, this is still far beyond the
12 sampling points provided by the 12 career years of the 1990s cohort. Therefore,
the time series of all persons in each cohort are aggregated to a single quasi time se-
ries. Such a procedure requires that the complexity of career paths do not differ sig-
nificantly between the individual cases. As this cannot be examined at the outset, 100
different variants of the time series for each of the two cohorts were generated and
calculated separately. Additionally, lacking homogeneity should also result in a random
“overall” time series.

3.2 Sample description

The structural differences between the two cohorts are not very pronounced. If one
examines the first 12 years of career, the proportions of self-employed persons vs.
salaried employees resemble each other in both cohorts. About 68% of the 1990s co-
hort have never been self-employed during their first 12 years of professional experi-
ence, while the respective proportion for the 1970s cohort is about 76%. Although the
difference seems considerable at first sight, it is not statistically significant (Fisher test:
p (two-tailed) = 0.175). Those persons that claimed to have been self-employed during
the first 12 years of their career have mostly done so only for a limited time.

The differences regarding gender were more conspicuous. Women are quite un-
derrepresented in the 1970s cohort compared to the 1990s cohort, with 13% and 38%
respectively. This is due to the fact that there were fewer women who began and fin-
ished their studies in the 1970s. In the years 1972/73, the proportion of female gradu-
ates was 16%, compared to 39% in 1989/90. For the dataset of the 1990s cohort in-
come differences between men and women are analysed and discussed in Strunk and
Hermann (2009).

Mean age was 37.1 years (£ 2.0 years) for the women and 37.9 years (£ 3.8 years)
for the men in the 1990s cohort, and 55.6 years (£ 2.1 years) for the women and 57.4
years (+ 3.2 years) for the men in the 1970s cohort.
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3.3 Results

First results can be found by just looking at the 3-dimensional plot of the quasi-time
series. The three dimensions are identical with the three factors from factor analysis
(see table 1). If careers are organized as simple processes of type O, the 3-dimensional
plot may result in a bundle of straight lines or may be ordered in any other simple
way. It can be seen from figure 2 that both plots are not that simple. Therefore, not
even careers from the 1970s are of type O.

Figure 2: 3-dimensional plot of career trajectories from quasi-time series

1970s Cohort 1990s Cohort

subjective career
subjective career

objective career ' " objective career

The complexity hypothesis is fully supported by the results from the correlation di-
mension (table 2). The correlation dimension for the 1990s cohort is approximately
one dimension higher than in the 1970s cohort. The differences in complexity are not
only significant, but also cohort effects can explain 97% of variance. Additionally,
there are only marginal differences between the results of the calculations for the 100
time-series variants. This indicates that the procedure of aggregating the individual
time series in a single quasi time series is valid.

Table 2: Results from correlation dimension

Mean SD Min Max Na
1970s cohort (first 12 years of career)** 3424 0179  3.026  3.707 103
1990s cohort (first 12 years of career)** 4704 0063 4475 4817 192
1970s cohort 2802 0149 2410 3.073 101

(same calendar years as for the first 12 years of the 1990s cohort)

a Nis the number of subjects with complete datasets. Calculation of mean is however based on 100 quasi-time series.
** Significant differences with p(1-tailed)<=0.01. Effect-size is 97% explanation of variance.

SD: Standard deviation; Min: Minimum; Max: Maximum; N: Number of subjects.

The geometrical structures of the quasi-time series for both cohorts are identified as
fractals and therefore representations of dynamical structures of type C. Additionally,
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the complexity of the data set from the 1970s cohort that was collected for the same
calendar years as the data from the 1990s cohort is much less complex, showing that
the observed differences are not based only on memory effects.

Additional evidence comes from the BDS test. For both cohorts, the null hy-
pothesis of white noise is rejected significantly. Thus, none of the quasi-time series are
random processes. In order to assess these results in more detail, each quasi-time se-
ries was randomized prior to the calculation of the BDS test. This procedure destroys
any order contained in the complex data sets generating white noise. This randomiza-
tion test is also in favour of a complex — but not a random — process.

4. Discussion and outlook

The starting point of this article was the discussion about the possibility of a rational
basis for the make-or-buy decision in strategic HRM. There is a controversial discus-
sion about the limits of prediction and therefore the limits of strategic planning in the

3«

light of a growing “turbulence”, “complexity”, and “discontinuity”.

The so-called “complexity hypothesis”, which is based on supposing a growing
career complexity, is one of the most substantial leitmotivs of career research since the
1990s. Related themes investigate the consequences of highly complex careers for the
individual. The presumed consequences range from psychological well-being nega-
tively influenced by a loss of secutity and stability (Gerdtham/Johannesson 2003,
Strunk/Schiepek 2006: 156) to strengthening the individual by allowing more freedom
in the choice of his or her path within the boundaryless career (Hall/Mirvis 1996). Al-
though the list of hypothetical consequences is long (see, e.g. Sullivan et al. 1998), em-
pirical evidence is rare due to missing or equivocal definitions of complexity.

The present work shows that the use of concepts from dynamical systems theo-
ries can be employed to better understand new developments in careers. The pre-
sented theories and methods not only offer a precise definition of complexity but can
also be directly implemented using algorithms from chaos theory. As has been shown,
these algorithms can be applied to career research data sets. Therefore, the definition
of complexity is not only theoretically sound but also a first step for building a better
empirical basis of the complexity hypothesis.

Limitations of the present study are based on the problem that the correlation
dimension is an aggregate measure and cannot be employed at the individual level.
This is a general problem of complexity measures, because their calculations are valid
only for large data sets. However, there are some newly developed methods based on
algorithmic information theory (Kolmogorov 1965) and on permutation entropy
(Bandt/Pompe 2002) which may also be useful for the individual level of catreer re-
search. In contrast to the methods used in the present paper, those measurements are
not able to differentiate between complexity and randomness.

The presented empirical evidence clearly supports the complexity hypothesis.
Neither models of type O nor of type R are appropriate concepts to explain the iden-
tified structures in the analysed datasets. The increase in career complexity between
the older and the younger cohort provide further support for the complexity hypothe-
sis. The findings are of some importance for the make-or-buy decision in strategic
HRM:
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Appropriate handling of complexity: The analyses for the two cohorts show
strong evidence for complex career processes, not only in the younger but also in the
1970s cohortt. So the promised path of a linear career, as Reitman and Schneer (2003)
put it, was not true even forty years ago. The findings are also, however, in favour of a
dramatically increasing complexity. That means that the prediction of career lines is
more difficult for the younger cohort. The complexity measures used are able to quan-
tify these developments in a sound mathematical manner. Therefore, “complexity” is
no longer a word without a concrete meaning. Furthermore, it was shown that models
from dynamic systems theories “can handle the complexity of behaviour exhibited by
the various systems within the purview of management research” (Kauffman 1994:
209). If one is able to measure the complexity of different groups of employees, or age
cohorts, one may be able to handle it in future.

Complexity is leading to a looser coupling: Complexity, which generally means
uncertainty and unpredictability, is increasingly turning into a self-fulfilling prophecy.
A classical sociological interpretation of professional careers stresses the function of
the social orientation that can be drawn from beliefs about what a “normal” career is
(Adamson et al. 1998: 253). Normality today is seen more and more in a highly com-
plex career in which nothing is really known for certain. Currently, there is a broad
discussion in the media about labour market insecurity in connection with the finan-
cial crisis and the impossibility of predicting future developments (e.g. Heuser 2008).
The findings presented here are based on objective and reliable measurements about a
growing uncertainty in individual career lines. As argued above, this uncertainty meas-
urement is based not on the beliefs of the actors but on an objective quantity for the
disappearing of patterns in individual careers. However, if individuals do not believe
any longer in the classical and linear organizational career, this will affect his or her
willingness to commit themselves to employers. “In the context of graduate careers, it
seems that organizations are faced with something of a paradox. On the one hand, it
is in the organizations’ interests to perpetuate the illusion of predictability and stability
in managerial career systems (in order, for example, to retain high-potential employ-
ees). However, if, in practice, organizations are no longer able to offer privileged
routes to the top for the favoured few, how will they retain the cadre of high-potential
staff they need to fill senior management positions in the future?” (Adamson et al.
1998: 256). Based on the Orton’s and Weick’s (1990) concept of loose coupling,
Mayerhofer et al. (2000) are arguing for a less stable and looser coupling between ac-
tors on the labour market (so-called “chronic flexibility”). Those developments may
be of some danger for the internal development of high value and unique human capi-
tal, because such internal routes are bound to a high commitment on both sides.

However, these conclusions are meant as hypotheses for future research. Since it
was the main goal of this article to clarify the term “complexity”, further research is
necessaty to test the complexity hypothesis for different cohorts and samples.
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